Inverse Gas Chromatography was used to estimate surface activity expressed by the dispersive component of the surface free energy,
Introduction
Abrasive articles consist of cutting particle (i) very often from electrocorundum, filler (ii) inorganic compound (pyrite or lithopone), binder (iii) novolac resin and wetting agent, resol. The fillers play important role during production and in the work of the grinding tools, and can influence cross-linkage of resins during manufacturing of the abrasive article.
Moreover, they collect the heat and prevent the melting of resin while the grinding tool works. Consequently, fillers affect the hardness of the final product. The influence of the type of the filler on the hardening process by differential scanning calorimetry (DSC) was also studied [1] . Commonly used fillers in abrasive industry can emit hazardous compounds for example pyrite (FeS 2 ) emits dangerous sulphur compounds. It was the main reason for searching new proecological fillers that are stable during work of grinding tool. The aluminosilicates such as perlites and zeolites were chosen for our investigations as being nontoxic, pro-ecological fillers fulfilling all technological requirements.
During heating perlites formed microblisters of irregular shapes and contain air. The process is called expanding (swelling) and the resulting product is called expanded perlite [2 -4] .
Surface activity of the fillers plays crucial role during manufacturing and further usage of the grinding tool. Surface activity influences fillers ability to mix, e.g. with resol and to form "homogenous" mixture. It affects also the strength of the interactions between fillers and both resins: novolac and resol.
The crucial parameters characterizing potential fillers are granulation (size of particle grains) and surface activity. The last can be expressed, e.g., by the dispersive component of the surface free energy,
D S
γ , as well as parameters K A and K D describing surface ability to act as electron acceptor and donor, respectively. These parameters characterize the ability of the surface to participate in specific interactions. K A +K D parameters expresses the total surface ability to specific interactions, i.e. both ability to act as electron acceptor and donor. The surface area [m 2 /g]; porosity: volume and size of pores; susceptibility to atmospheric conditions such as: temperature, humidity should also be taken into account during the selection of the material.
Inverse Gas Chromatography (IGC) has earlier been applied for surface characterization of studied fillers. This technique was presented in number of reviews [5] [6] [7] [8] [9] .
IGC is an extension of the classical gas chromatography. Inverse gas chromatography characterizes the surface of any material, which is placed in the chromatographic column.
Carefully selected test compounds, with known physicochemical properties, are injected into the column. Retention data are suitable to calculate parameters describing surface propertiesits activity expressed by
IGC was also applied to describe filler-phenolic resin interaction by Flory-Huggins parameter, . The experimental data were analyzed by chemometrics methods: principle component analysis (PCA) and a novel procedure based on sum of ranking differences (SRD).
The aim of the paper was to elaborate a replacement test for abrasive fillers. For this purpose we have to find similarities and dissimilarities among fillers. The pattern will be revealed by an unsupervised pattern recognition technique: by principal component analysis.
The fillers were also ordered by a novel technique based on sum of ranking differences. As reference (benchmark) for ranking the average was used. Such a way the most common (average) filler can be selected, and similarly, the most deviating ones can be determined besides the grouping patterns. On the other hand the number of test compounds is to be diminished still preserving the full characterization of fillers (pattern in the data) remains as a precious aim.
Experimental

Materials
Examined fillers are presented in χ was calculated from the following equation ( ) 
Principal component analysis (PCA)
PCA is an unsupervised pattern recognition method, it can also be considered as a dimension reduction one. The original high dimensional data are projected in a much smaller dimensional subspace. Several principal components are retained while explaining a large portion of variance in the data. The technique of PCA can be found in standard chemometric books and reviews, e.g. refs [12, 13] . Principal components are arranged successively in decreasing order of eigenvalues accounting for decreasing amounts of variance. The coefficients between the original and new variables are called the loadings. They explain how the new PCs are composed from the original variables. PCA is particularly useful for classification of IGC data [14] and evaluation of stationary phases and polarity parameters [15] .
Sum of ranking differences (SRD) and its validation
The new ordering method has been described earlier, [16] and its validation has been published soon thereafter, [17] . SRD ordering is based on comparisons of rank numbers.
Always the rank numbers of the actual and a reference (benchmark) ranks are compared (the rank numbers are subtracted and their absolute values are built and added together for each systems). Such a way all fillers can be compared (t, e, p, … zf, … etc. …) each of them receives an SRD value. The smaller the SRD value the "better" i.e. the less discrepancy can be observed as compared to the reference ranking. The ordering is given by the test compounds for characterization (rows). Generally, the row averages of fillers are selected as benchmark. However, such reference would rank the fillers by average, i.e. s the best filler is the "mean" one, which can substitute all of them at best. The proximity of SRD values will show the similarity among fillers, the filler with the largest SRD value is the most deviating one from all the others.
Results
1) Evaluation of the retention data
Retention data of test solutes and fillers are summarized in Tables 2. Table 2 contains retention data of selected test solutes used in IGC experiments. Table 2 Notation for the respective objects and variables is given therein. The retention times for test solutes were examined first, as these data were further used for calculation of IGC parameters presented in Table 3 . Perlite 150 presents most average properties of all studied fillers taking into account retention data. Most different from other fillers is pyrite probably due to its chemical composition (Table 1) . Perlites reveal different properties, e.g. perlite EP200 is different from other perlites and it can not be easily explained. Perlites' surface may have complex structure and its properties may depend on many factors.
SRD orders and groups the fillers in a natural way (Figure 3 ). The transpose of the Table 2 has been applied here. The average retention data (row average) has been used as benchmark for ranking. The most similar filler to the average is perlite 150. This information can be used for replacement of fillers. On the other hand the most dissimilar filler is pyrite (p). If some task cannot be solved by an "average" filler it is worth to select the most dissimilar one. Some groupings can also be observed (cluster 1: perlite 150, zeolite micro50, perlite EP150, zeolite micro20, lithopone, perlite EXP50, perlite class A thick, calfix;
cluster 2: zeolite ZC20, perlite EP180, perlite PERMON85 zeolite thick and cluster 3:
egzotul, perlite EP200, zeolite fine and pyrite). The first group consists of the majority of fillers. This means that most of inorganic materials represent similar surface properties.
Zeolites micro20 and micro50 as well as five types of perlites and have similar surface characteristics (regarding retention data) as two standard fillers: lithopone and calfix.
Lithopone and calfix are most common fillers used for manufacturing of abrasive articles. It means that the new fillers can be interesting alternatives for standard fillers used in grinding tools.
The closeness of lines in Figure 3 shows the replacement possibilities. The following objects were selected as outliers when the retention times of test solutes were taken into account: Calfix (c), PERMON85 (p85) and zeolite fine (zf) (see Figures 4) . The pattern observed by PCA confirms results obtained from SRD. Calfix as outlier might be surprising and hardly explainable but one should take into account also its position into SRD ordering (see Fig. 3 ), i.e. at the end of the first group.
2) Evaluation of the physicochemical parameters
The fillers were also characterized by a series of surface parameters. The parameters are given in Table 3 . It is worth to note that K A and K D parameters are differently dependent on the temperature, i.e. for various fillers their values increase or decrease. This phenomenon might be, probably, explained by the content moisture residue in the examined materials despite the careful conditioning of filler samples. Table 3 PCA of these physicochemical data indicates close proximity of points in Figure 5 The analysis based on the values of parameters characterizing surface activity properties of the examined fillers lead to the selection of zeolite fine (zf) and zeolite thick (zt)
as evident outliers (Figures 8a 8b and 8c) . However, the group of outliers might be extended although the decision is less questionable. These additional outliers are Calfix (c), Lithopone The above statements suggest the clear selection into three groups: zeolites, perlites These last data might be used to calculate the average value for "standard" (e.g. classic fillers)
and used for comparison with other groups.
Conclusions
Three pattern recognition methods (principal component analysis, cluster analysis, and sum of ranking differences) group the fillers in an unambiguous way. These methods enable us to select new, proecological materials having physicochemical properties close to standard fillers, which might be used in abrasive tools. The new fillers can be: zeolite micro 20 and micro 50 and almost all of studied perlites. Zeolites can be better fillers in abrasive tools than standard ones and perlites due to their powder form and their higher surface activity. The additional advantage might be the ability of zeolites and perlites to emit water during polishing or cutting processes, i.e. acting as cooling medium. However, it was not the aim of the present work.
Sum of ranking differences can serve as a replacement test, the close proximity of lines suggest very similar characters of fillers, i.e they are interchangeable.
Cluster analysis, principal component analysis were applied to optimize number of test compounds used in IGC method. This will shorten the time of experiment and allows the quick information for technologists on the properties of raw materials and semi-products during the manufacturing of abrasive articles. Captions to figures Figure 1 Unrotated principal component loadings for retention data Figure 2 Results of cluster analysis for retention data (Euclidean distance and Ward's method was used) Figure 3 Sum of ranking differences (rescaled values between 0 and 100: x axis and left y axis) for retention data. The ranking is far from being random; the lower tail of Gauss distribution fitted to the random values can be seen in the lower right corner, right y axis)
Figures 4a, 4b and 4c
Score plots (various projections) according retention times Figure 5 Unrotated principal component loadings for physicochemical parameters Figure 6 Results of cluster analysis for physicochemical parameters (Euclidean distance and Ward's method was used) Figure 7 Sum of ranking differences (rescaled values between 0 and 100: x axis and left y axis) for physicochemical parameters. 
